Earthen waste lagoons are commonly used to store liquid wastes from concentrated animal feeding operations. The fate of ammonium (NH 4 + ) and nitrate (NO 3 -) was studied in the vadose zone below earthen-clay dairy farm waste lagoons using three independent vadose zone monitoring systems. The vadose zone was monitored from 0.5 to 30 m below land surface through direct sampling of the sediment porewater and continuous measurement of the sediment profile's water content variations. Four years of monitoring revealed that wastewater infiltration from the lagoon is controlled by two mechanisms: slow (mm d ) infiltration of wastewater and rainwater via preferential flow in desiccation cracks formed in the unsaturated clay sediment surrounding the lagoon banks. The preferential flow mechanism is active mainly during wastewater-level fluctuations and intensive rain events. The vadose zone below the waste sources remained unsaturated throughout the monitoring period, and all infiltrating NH 4 + was oxidized in the upper 0.5 m. The NH 4 + oxidation (nitrification) was coupled with NO 3 -reduction (denitrification) and depended on the sediment water content, which was controlled by the infiltration mechanism. Coupled nitrification-denitrification (CND) resulted in 90 to 100% reduction in the total nitrogen mass in the vadose zone, with higher removal under high water content (~0.55 m 3 m -3
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). Mass balance of nitrogen and isotopic composition of NO 3 -indicated that CND, rather than cation exchange capacity, is the key factor regulating nitrogen's fate in the vadose zone underlying earthen waste lagoons.
Infiltration Mechanism Controls Nitrification and Denitrification Processes under Dairy Waste Lagoon
S. Baram,* S. Arnon, Z. Ronen, D. Kurtzman, and O. Dahan E arthen waste lagoons are commonly used to store liquid wastes from concentrated animal feeding operations (CAFOs) such as dairy farms. The liquid waste stored in the lagoons contains high concentrations of nitrogen (N), phosphorus (P), salts, organic compounds, and other nutrients. For economic reasons, most dairy farms store the liquid waste on-site in earthen (soil-lined or unlined) lagoons rather than in plastic-lined lagoons, steel tanks, or concrete tanks (Ham and DeSutter, 2000) . However, this practice fails to prevent the substantial leaching of organic-nitrogen (organic-N) and ammonium nitrogen (NH 4 + -N) into the subsurface (Gooddy et al., 1998 (Gooddy et al., , 2002 Ham and DeSutter, 2000; Ham, 2002; Harter et al., 2002; DeSutter et al., 2005) .
To minimize downward or lateral seepage of the wastewater from earthen waste lagoons and prevent groundwater contamination, it is recommended that the saturated hydraulic conductivity coefficient (K sat ) of the earthen lining would be less than a prescribed level (K sat < 1 × 10 -6 cm s −1
, the level in many U.S. states) (SCS, 1997). Hence, during the construction of the waste lagoon, clay is typically mixed with local sediment and compacted to form an earth liner along its bottom and banks. Following the introduction of wastewater into the lagoon, the hydraulic conductivity of the earth lining will most likely be reduced by at least an order of magnitude due to physical, chemical, and biological processes, commonly termed seal formation (SCS, 1997; Cihan et al., 2006; Tyner et al., 2006) . Laboratory-scale experiments on dairy waste infiltration into clay, loam, and sand sediments have shown that all sediment types have similar infiltration fluxes (4.6 to 6.9 × 10 −7 cm s −1 ) within 10 d of manure application (Culley and Phillips, 1982) . The effect of the hydraulic parameters of the organic seal and the underlying sediment on the infiltration rate from animal waste lagoons was analyzed by Tyner and Lee (2004) using a steadystate two-layer model. Their model predicted that sediment thickness has no effect on the infiltration rate, and sensitivity analysis predicted that infiltration rate is highly dependent on seal hydraulic conductivity and minimally dependent on
